The Effects of Loss and Latency on User Performance in Unreal Tournament 2003 by Beigbeder, Tom et al.
Worcester Polytechnic Institute
DigitalCommons@WPI
Computer Science Faculty Publications Department of Computer Science
4-1-2004
The Effects of Loss and Latency on User
Performance in Unreal Tournament 2003
Tom Beigbeder
Worcester Polytechnic Institute
Rory Coughlan
Worcester Polytechnic Institute
Corey Lusher
Worcester Polytechnic Institute
John Plunkett
Worcester Polytechnic Institute
Emmanuel Agu
Worcester Polytechnic Institute, emmanuel@cs.wpi.edu
See next page for additional authors
Follow this and additional works at: http://digitalcommons.wpi.edu/computerscience-pubs
Part of the Computer Sciences Commons
This Other is brought to you for free and open access by the Department of Computer Science at DigitalCommons@WPI. It has been accepted for
inclusion in Computer Science Faculty Publications by an authorized administrator of DigitalCommons@WPI.
Suggested Citation
Beigbeder, Tom , Coughlan, Rory , Lusher, Corey , Plunkett, John , Agu, Emmanuel , Claypool, Mark (2004). The Effects of Loss and
Latency on User Performance in Unreal Tournament 2003. .
Retrieved from: http://digitalcommons.wpi.edu/computerscience-pubs/68
Authors
Tom Beigbeder, Rory Coughlan, Corey Lusher, John Plunkett, Emmanuel Agu, and Mark Claypool
This other is available at DigitalCommons@WPI: http://digitalcommons.wpi.edu/computerscience-pubs/68
 	
ﬀﬁﬂﬃ
! "#"$%'&)(*'&+,&.-/
0213ﬁ$%&+'4
 576&.-/#98;::=<?>
@
Tom Beigbeder, Rory Coughlan, Corey Lusher,
John Plunkett, Emmanuel Agu, Mark Claypool
Computer Science Department
Worcester Polytechnic Institute
100 Institute Road, Worcester, MA 01609, USA
A
emmanuel|claypool B @cs.wpi.edu
ABSTRACT
CEDGFIHFIHKJML3NIOQP+FIH#DGRDSRTFIJUNWVYXUFIDGZ[J!R\JUF]PO3NI^;L[VY_;Ja`+XaO3_;Ja`.V3RDGR\b
XcNIJQV3`dJQefDG_;ghO3NdFWVYRKXaJ0DGRfVjihJcFdFIJUNlkKRmenJUNI`oFWV3RKe\DGRKLﬃO3pqFIHKJ0JcrsJaXUFI`
OYptSVuFIJaRKXUvOwRxkK`dJcNjghJUNdpyO3NI_V3R\XaJwz{C|HKDGtGJg\NIJaZ,DGOwk\`}POYNI^~HKV3`
`oFIkKe\DGJQe~FIH\JFIO3tGJUNWV3R\XaJ7LwV3_;JgKtSVavTJUNI`HmVQZ[J;pyO3N}HKDGLwHtSVYFIJaR\XaDGJa`
VYRmeHmVY`0`oFIkme\DGJQefFIHKJ}JUrsJaXUFI`0OYptSVYFIJURKXUv{OwR{kK`dJcN'ghJUNdpOYNI_V3RKXUJ
DGR~NIJaV3tbFIDS_;J;`oFdNWVuFIJaL3vL[VY_;Ja`aFIO7FIHKJ;ihJa`oFO3pOwk\N^,RKOQP.tGJQenLwJw
FIH\JUNIJ{HmV3`7ihJaJaR|R\O`ovn`oFIJa_VuFIDGX{`oFIkKenv	O3pFIHKJJUrsJaXUFI`7O3p}tGOw`d`
VYRmextSVYFIJaR\XUvO3RkK`dJUNﬃghJUNdpOYNI_V3RKXUJwz{]RFIHKDG`}gmV3ghJcNﬃPJ`oFIkme,v
k\`dJUNlghJUNdpOYNI_V3R\XaJpOYNlR\NIJaV3tŁOwknNIRmVY_;JaRTFl33w=!Ł.Yw3[cKV
ghO3gKk\tVuN}qL[V3_;J3kKRKe\JUN!ZwVuNdv\DGR\L=V3_;O3kKRTFI`!OYp+tSVYFIJaR\XUvV3Rme
gKV3XW^[JUF'tGOw`d`az7DNI`oFQPJe\JQenkKXaJaeFv\g\DGXQV3tqNIJQVYtPOYNItSe~ZwVYtGkKJa`0OYp
gKV3XW^[JUFtGOw`d`ﬃV3RmetSVuFIJaRKXUvJUnghJUNIDGJaR\XaJQeOwRFIHKJ;]RTFIJUNIR\JUF'FIO,eKVav
iTv_;O3RKDFIO3NIDGRKLOwghJcNWVYFIDGOwRKV3t!Ł.33w#LwV3_;J}`dJUNIZ[JUNI`az'CJ}kK`dJQe
FIH\Ja`dJNIJQVYtGDS`oFIDGX0Z3V3tGkKJU`+O3ptGO3`d`MVYRmetSVYFIJaR\XUvDSR7V}XUOwRTFdNIOwtGtGJQe#R\JUFdb
PO3NI^[JaeJaR,Z,DNIOwR\_;JaRTFFIHKVYFqJa_}kKtSVYFIJae'Z3VYNIDGO3kK`XaO3RmenDGFIDGO3RK`qO3pKtGOw`d`
VYRmetSVYFIJaR\XUvT,V3tGtGOQP.DGRKLjk\`FIO0FIJa`oF+!Ł.Yw3ﬃVYFFIHKJlRKJUFPO3NI^hnVYg\b
g\tGDSXaVYFIDGOwRV3RKe=kK`dJUNtSJUZ[JatG`azMC~Je\Ja`dDGLwR\JQefgKtSVavTJUNV3XUFIDGO3RK`0enOuP.R
DGRTFIO}FIH\Jpk\Rme\V3_;JaRTFWV3tsqDGRTFIJUNWVYXUFIDGOwR=XaO3_;ghOwR\JaRTFI`O3p_;OYZwJUb
_;JUR,FjV3RKe`dH\OTO3FIDGRKLn+VYRmeXaOwRKe\kKXcFIJQexRnk\_;JUNIOwk\`ﬃk\`dJUN;`oFIkmenDGJa`
k\RmenJUNlXaOwRTFdNIOwtGtGJQe=R\JUF]PO3NI^#XUOwRmenDFIDSO3RK`azC~J!mRKeFIHmVuFtGJaZwJatG`MOYp
gKV3XW^[JUF;tGO3`d`7VYRmetSVYFIJaR\XUvF]vngKDGXQVYtpO3N_;O3`oF;!Ł.Yww]RTFIJUNIRKJcF
`dJcNIZ[JUNQP.HKDGtGJjkKR\gKtGJQV3`IVYRTFQP.DGtGtRKOYF'enNWVY`oFIDSXaV3tGtv~DG_;gmVYXUF!g\tSVQv[JUN
ghJcNdpO3NI_VYRKXaJ3znDGRKXaJ._;O3`oFqﬃL[VY_;Ja`F]vngKDGXQVYtStvﬃXaOwR\`dDS`oFO3psFIH\J
`dDG_;DGtSVYNL3JaRKJUNIDGXfg\tVavTJcNV3XUFIDGO3RK`jFIOFIH\Ow`dJ#FIHKVYFjPJ7FIJa`oFIJaePJ
ihJUtSDGJaZwJ!FIHmVYF.FIH\Ja`dJNIJa`dk\tGFI`l_VavHmVQZ[J!inNIO[V3e\JUNlDG_;gKtGDGXQVYFIDGO3RK`az
1. INTRODUCTION
R=NIJaXaJaRTFMvTJQVYNI`aKFIHKJ}enNWV3_VuFIDGXghJcNdpO3NI_VYRKXaJDG_;g\NIOuZ[Ja_;JUR,FI`
VYRme|enJaXatGDGRKDGRKLXaO3`oFI`#O3pghJUNI`dO3RmVYt!XaOw_;g\k\FIJUNI`HKVuZwJ{DGR\XUNIJQV3`dJae
FIH\JaDN7V3XQTkKDG`dDFIDGOwREiTvkK`dJcNI`7VYRmeXUNIJQVYFIJaeEV~L3NIOQP.DGRKLxiKV3`dJ=pyO3N
XUOw_;gKknFIJUNL[VY_;Ja`az{ZwJaRe\knNIDSR\L#FIHKJ;NIJaXUJaRTFﬃJaXUOwRKO3_;DGX7enOQP.R\b
FIknNIR\XaOw_;g\k\FIJUN.LwV3_;Ja`.P+VY`lFIH\J0OwR\tGv7JaRTFIJUNdFWVYDSR\_;JaRTF.DGRme\k\`oFdNdv
FIHKVYFqXUOwRTFIDGRnk\JQe0FIOMLYNIOuPDGRﬃ3w3nzG ¡l`O3p\FIHKJJURme'O3psYw3n[LYNIOw`d`
NIJUZ[JaR,kKJlpyNIOw_¢XUOw_;gKknFIJUN+LwV3_;J!`IVYtSJU`M`dknNIgmV3`d`dJaeNIJaZ[JURnk\Ja`pyNIO3_
 
H,FdFIg£ ¤w¤uP+P+P0z FIH\JaJa`IVnz XaO3_¤,¥ 3¦ 3wY§\z HTFI_;t
Permission to make digital or hard copies of all or part of this work for
personal or classroom use is granted without fee provided that copies are
not made or distributed for profit or commercial advantage and that copies
bear this notice and the full citation on the first page. To copy otherwise, to
republish, to post on servers or to redistribute to lists, requires prior specific
permission and/or a fee.
Copyright 200X ACM X-XXXXX-XX-X/XX/XX ... ¨ 5.00.
_;OuZ,DSJ}FIDSXW^[JUF'`IVYtGJa`aqZ,DSe\JaONIJaRTFWV3tG`V3Rme{XaOwR\XaJUNdF'FIDGXc^wJUFI`az ©5ŁHKJ
DGRKXUNIJaV3`dJ'DGR7NIJa`dDSe\JUR,FIDSVYti\NIOwVwenimV3RKe7R,FIJcNIRKJUF.XaO3RKR\JaXUFIDGOwR\`.P.DFIH
HKDGL3HXaV3gmVYXaDFIDGJa`+V3RKe;tSOQP|tSVuFIJaRKXaDGJa`HmVQZ[J.JaRKXUOwk\NWVYLwJQe_;O3NIJlVYRme
_;O3NIJﬃL[V3_;JenJaZ[JatGO3ghJUNI`0FIO=DGRKXaOYNIghO3NWVYFIJ;_}kKtFIDbªgKtSVavTJUN0pJaVYFIk\NIJU`
DGRTFIOﬃFIHKJaDN.gnNIO,e\kKXcFI`az
«0RKOQP.tGJQenLwJ!OYpH\OuPﬂR\JUF]PO3NI^ﬃNIJUtVuFIJQe7DG`d`dk\Ja`an`dkKXWH#VY`+tVuFIJaRKXcv
V3RKe¬gmVYXc^wJUFtGOw`d`a;VursJaXUFFIHKJxk\`IV3i\DStGDF]v5O3pLwV3_;Ja`{XQVYR­ihJxO3p
L3NIJaVYFfk\`dJFIOxFIHKJ{XaOw_;gKV3R\DSJU`#FIHmVuF=_V3^wJFIH\Ja`dJ{L[V3_;JU`a!RKJcFdb
POYNI^`dO3pyFP+VuNIJ7VYRmeJQTkKDGgK_;JUR,F_V3R,k\pV3XUFIknNIJUNI`a]RTFIJUNIR\JUFnJcNdb
Z,DGXaJqNIOuZ,DenJUNI`!o\`Wc,V3RKe;FIH\J+NIJa`dJQVYNIXWHXaOw_;_}kKRKDFvﬃVuFtSVYNIL3Jwz
]R'gKVYNdFIDGXakKtSVuNQwDp\Ja`oFWV3i\tSDG`dH\JQe}tSVYFIJURKXUv!NIJa,k\DNIJa_;JaRTFI`VYRme'V3RTv'VY`ob
`dOTXaDSVYFIJae{FdNWVwenJUbªO3rs`lPJUNIJ}^nR\OQP.Rsdn`MXaOwk\tSe{Ja`oFWVYiKtGDG`dH{FWVuNIDrs`
imVY`dJQe~O3R~Xak\`oFIOw_;JUNI`a®DGRmenDSXaVYFIJQe~_VunDS_}kK_¯e\JatSVavn`aNIJQTk\Ja`oFIJQe
°
kmVYtGDGFvjOYp,JUNIZ,DGXaJ'
°
OTKV3RKeﬃFIHKJ.dn.® `V3i\DStGDF]vﬃFIO0_;JaJUFFIHKJa`dJ
e\JU_V3Rmen`az}±#O3NIJaOuZ[JcNQJc\ghJcNIDS_;JUR,FWVYtq`oFIkme,vfO3pRKJUFPO3NI^#L[V3_;JU`
XQVYREg\NIOuZ,DSe\J#FIH\JfeKVuFWVNIJQTkKDNIJQepO3N7VYXaXak\NWVuFIJ`dDS_}kKtSVYFIDGO3RK`a.V
F]vng\DSXaV3tFIOTO3tpyO3N}JaZwVYtGkmVYFIDGR\LfRKJUFPO3NI^NIJa`dJQVuNIXcHV3`'PJatGt+VY`}DGRnb
`dDGLwHTF.pOYN.RKJUFPO3NI^VuNIXcH\DGFIJUXUFIk\NIJa`lVYRme#enJa`dDGLwR\`FIHmVYF._;OYNIJ!JUrsJaXcb
FIDGZ[Jatv7V3XaXUOw_;_;O,eKVuFIJ0RKJUFPOYNI^LwV3_;J!FdNWVu²;X!FIk\NIi\kKtGJaRKXUJwz
C|H\DStGJFIH\JUNIJHmVY`ihJaJaRﬃNIJa`dJaVYNIXWH;TkmV3tGDFWVYFIDGZ[JUtGv}XWHmVYNWVYXUFIJUNIDG³aDGRKL
FIHKJJUrsJaXUFI`+OYpqtSVYFIJaR\XUvpO3NlXQVuN+NWV3XaDGR\L=´¥w¥UµKXakK`oFIO3_¢L[V3_;JU`0´G¥aYµ
V3RKe}NIJQVYtGbFIDG_;J+`oFdNWVYFIJUL3v}L[V3_;JU`M´¥a§YµhVY`PJatGtmV3`V!LwJURKJUNWVYtmVaP+VuNIJUb
RKJU`d`;O3p0tSVYFIJURKXUvDG`d`dkKJU`{´ ,+§\¶n!¥aYµPOYNI^OwR·FIH\J#JUrsJUXUFI`;O3p
tSVYFIJaR\XUv7DSR#ghOwgKk\tSVYNMDNI`oFdb]JcNI`dOwR{nH\OTO3FIJUNqKL[VY_;Ja`'´¥wh¦uµ
HmVY`+RKOYF.TkmV3RTFIDmJae;FIH\JDG_;gmVYXUF+DF+HKV3`+OwRgKtSVavTJUNghJUNdpOYNI_V3RKXUJwz
±#O3NIJUOYZwJUNQ\FIOFIHKJMihJa`oF.O3pOwk\N.^,R\OuP.tGJQenLwJwnFIHKJcNIJHmVQZ[JMihJaJaR7RKO
`ovn`oFIJa_VYFIDGXl`oFIkmenDSJU`O3pgmVYXc^wJUFtGOw`d`OwR;FIHKJlkK`dJUNghJUNdpOYNI_V3R\XaJDGR
qxLwV3_;Ja`az]RxXUOwRKXUJaRTFdNWVYFIDGRKLOwRxFIH\JJcrsJaXUFI`ﬃOYptSVuFIJaRKXUvOwR
q;LwV3_;Ja`a,FIH\JlghO3`d`dDGiKDGtGDGFvFIHmVYFgmVYXc^[JcFtGOw`d`+_VavﬃihJlFIH\JMihOYFdb
FItGJaRKJUXc^;DGRghJUNdpOYNI_V3RKXUJMpOYN.`dOw_;JMRKJUFPO3NI^;XUOwRmenDFIDSO3RK`+_Vav;ihJ
OuZ[JUNItGOTOw^wJQezlŁH\J}`oFIkKenv7O3ptGOw`d`O3RfRKJUFPOYNI^#L[VY_;Ja`lDS`MDGRKXUNIJQVY`ob
DGRKL3tGv=DS_;ghOYNdFWV3RTFV3`MP.DNIJatGJa`d`0XWHmVYRKR\JatG`ah_;O3NIJg\NIO3RKJ0FIOgmV3XW^[JUF
tGOw`d`0FIHmVYRfFdNWVwe\DFIDGOwRKV3tP.DNIJUbªtSDGR\JjJaR,Z,DGNIO3RK_;JaRTFQhihJUXaOw_;JP.DenJatv
VwenOwgnFIJQez
]RfL3JaRKJcNWV3thFIHKJ'_;Ow`oFMghOwg\kKtSVYN!q#LwV3_;Ja`MHmVQZ[Je\JU`dXaJaRmenJQe
pyNIO3_¸F]PO~L[V3_;J#tSDGR\JQV3L3Ja`alkK`dDGRKLJUDGFIH\JUN7V
°
kmVY^[J=OYN7MR\NIJQVYtb
imVY`dJQe	LwV3_;J=JaR\LwDGRKJx´ ¹Qµªz¡l`g\NIJaZ,DGOwk\`jNIJa`dJQVYNIXWHEHKV3`XaOwR\XaJaRnb
FdNWVYFIJaeEOwRﬂq	L[V3_;JU`#enJUNIDGZ[JQe·pNIOw_
°
kmV3^wJw+PJ{kK`dJQe	g\DSX
º
V3_;J3® `VaP+VYNWeP.DGR\RKDGRKLw»RnNIJQV3twŁOwknNIRmVY_;JaRTFYw3w¼MŁ.33w[
DGR7O3k\NJUnghJUNIDG_;JaRTFI`azq!Ł.YwwDG`Xak\NdNIJUR,FItv;ZwJUNdv;ghOwg\kKtSVYNQTP.DFIH
V3g\g\NIOQnDG_VYFIJatv¥Q½3w7`dJUNIZ[JUNI`0VYRme§w§ww#g\tVavTJcNI`!OwR\tSDGR\J;VYF'VYRTv
©
HTFdFIg£ ¤3¤uP+P+P0z P.DNIJQez XaO3_¤YR\JUP.`W¤3enDSL3DPOTO,em¤Qb
nG¥U§\¥uT ¦n¥w¥a¦[T 3nz HTFI_;t
»cCEDSR\RKJUNO3pl¾]¿Ja`oF+OYp,HKOQP.À'VYFFIHKJltSJUXUFdNIOwR\DSXMR,FIJcNdFWV3DGRK_;JaRTF
q\ghOnmÁOw`l¡MR\LwJatGJa`MÂVYtSDpyO3NIRKDSV,±=VQv=33[Tz
¼
HTFdFIg£ ¤3¤uP+P+P0z kKRnNIJQV3tFIO3k\NIRmVY_;JaRTFQz XaOw_¤uk\Fc33ww¤
L3DGZ[JaR#FIDG_;Jwz  
DNI`oFQmPJ'e\JQenkKXaJae7F]vngKDGXQVYtNIJaV3tPO3NItSe=ZwVYtGkKJa`.O3pgKV3XW^[JUFltGOw`d`
VYRmeftSVYFIJaR\XUvfJUnghJUNIDGJaR\XaJQefOwRfFIH\JRTFIJUNIRKJUFMiTv=_;O3RKDFIO3NIDGRKLO3g\b
JcNWVYFIDGOwRKV3t!Ł|Yww}L[V3_;JM`dJUNIZ[JUNI`azC~JMFIHKJURk\`dJQe;FIHKJa`dJ!Z3V3tGk\Ja`
VY`L3kKDSe\JUtSDGR\Ja`qpO3NDGRmenkKXaJQe'tGOw`d`V3RKeﬃtSVYFIJaR\XUvZwVYtSk\Ja`VXaO3R,FdNIO3tGtSJae
JU_ﬃkKtSVuFIJQe}JaR,Z,DNIOwR\_;JaRTFPJe\Ja`dDGLwR\JQe[V3tGtGOQP.DSR\L0FIOMFIJa`oFŁ.3w3
VuFMFIH\J0RKJUFPOYNI^smV3g\gKtGDGXQVYFIDGOwR{VYRme#k\`dJUNtGJaZwJatG`azCJ'enDSZ,DSe\J'k\`dJUN
DGRTFIJUNWVYXUFIDGOwRjDGRﬃŁ.33w!DGRTFIOMFIHKJpkKRKeKVY_;JaRTFWV3t,qDGRTFIJUNWV3XUFIDGO3R
XUOw_;ghOwR\JaRTFI`DSR|OYNWe\JUNFIOxDG`dOwtSVuFIJ~gmVuNdFIDGXakKtSVYNpVYXaJUFI`7O3p'L[VY_;JUb
g\tSVQvTzqŁHKJa`dJMDSRTFIJUNWVYXUFIDGOwRXaO3_;ghOwRKJUR,FI`DGRKXatGkKe\Jl_;OYZwJa_;JaRTFQwgnNIJUb
XUDS`dDGO3Rf`dHKOTO3FIDGR\L\mL3JaRKJcNWV3t`dH\OTO3FIDGRKLnhVYRme#_;OuZ,DGRKL}V3Rme7`dHKOTO3FIDGR\L
`dDG_}kKtFWV3R\JaOwk\`dtGvTzCJ}e\Ja`dDGLwR\JQeJUnghJUNIDG_;JaRTFI`lP.DFIH{L[V3_;J_V3g\`
FIHKVYFMV3tGtGOQPJQe7kK`+FIOﬃDG`dOwtSVuFIJ}JQVYXcH7L[VY_;J0XaOw_;ghO3RKJaRTFQzqM`dDSR\LjOwknN
FIJU`oFIihJQeTPJMNWV3RR,kK_;JcNIOwkK`kK`dJcN+`oFIkmenDSJU`e\knNIDGRKL0P.HKDGXWHPJ`ovn`ob
FIJU_VYFIDGXQV3tGtv=XWHmVYRKL3JQe7FIHKJ0tGO3`d`VYRme#tSVYFIJURKXUv=V3Rme7_;JQV3`dknNIJQeFIH\J
DG_;gKV3XUF.O3R=gKtSVavTJUN.ghJUNdpyO3NI_VYRKXaJwz
C~JmRKeFIHKVYFqpOYNFIHKJtGJaZ[JUtS`OYpsgmV3XW^[JUFtSO3`d`VYRmetVuFIJaRKXcvﬃtGDG^[Jatv
FIOihJJaRKXUOwkKRTFIJUNIJae}OwR}FIHKJR,FIJcNIRKJUFQYP.HKDGtGJ+`dOw_;JUFIDG_;Ja`qk\RKg\tSJaV3`ob
VYRTFQYP.DGtGt,RKOYFenNWVY`oFIDSXaV3tGtv}DG_;gKV3XUFkK`dJUNqghJcNdpO3NI_VYRKXaJDGR}Ł.33wnz
ÁOw`d`a,DGRjgKVYNdFIDGXakKtSVuNQ,LwOTJa`kKRKR\O3FIDGXaJQeﬃV3Rmeﬃe\OTJa`RKOYF_;JaV3`dk\NWVYiKtv
VursJaXUF'VYRTvfkK`dJUNDGR,FIJcNWV3XUFIDGOwRz'ÁVuFIJaRKXUDSJU`'V3`tGOQP V3`}¥Qw_;`asOwR
FIH\J#OYFIHKJUN;HKV3RKeXQV3R`dDGLwRKDKXQV3RTFItve\JaLYNWVwenJ=ghJUNdpOYNI_V3R\XaJ7pyO3N
`dH\OTO3FIDGRKLP.DFIH#V'g\NIJaXUDS`dDGO3RPJQV3ghO3R7ihOYFIH7DGR;FIJUNI_;`OYpVYXaXaknNWV3XUv
VYRme'DGR}FIJUNI_;`O3phLwV3_;JNIJU`dghOwRK`dDGZ[JURKJa`d`az¡ltFIHKOwk\LwH'FIHKJJUrsJaXUFI`qOYp
tSVuFIJaRKXUvO3RﬃkK`dJcNghJcNdpO3NI_VYRKXaJDSRpk\tStn!Ł.Yw3L[VY_;Ja`qDG`tGJa`d`R\O3b
FIDGXaJaV3iKtGJwsFIH\JUNIJ}DG`M`oFIDStGtVXatGJQVYN!kK`dJUNghJUNdpOYNI_V3RKXUJﬃenJaL3NWV3eKVYFIDGO3R
FdNIJURmeV3`tSVYFIJURKXUvDGRKXUNIJaV3`dJa`az±#O3NIJUOYZwJUNQn!Ł.33w}pyJaJatG`+`dtGkKL3LwDG`dH
P.H\JaR=tSVYFIJURKXaDGJa`MVYNIJj¥Q¹3j_;`.V3RKe7H\DSL3HKJUNQz
ŁH\JjNIJa`oF'O3pFIHKDG`0gmVYghJUNDS`'OYNIL[V3R\DG³aJQeVY`'pyOwtGtGOQP.`a£;,JaXUFIDGOwR
gnNIJa`dJaRTFI`limV3XW^,L3NIO3kKRme7DSRnpOYNI_VYFIDGOwROwRfŁ.33w,JaXUFIDGOwR;enJUb
`dXcNIDSihJU`O3k\NVYgKg\NIOwV3XWHFIO7_;JQV3`dknNIJﬃFIHKJ}JUrsJaXUFI`'O3ptSVYFIJaR\XUvV3Rme
tGO3`d`O3R5k\`dJUN{ghJUNdpOYNI_V3RKXUJDGR¬!Ł.Yw37nJUXUFIDGOwR¬§	V3RKV3tvn³aJa`
FIH\JV3g\gKtGDGXQVYFIDGOwRRKJUFPOYNI^~VYRmek\`dJUNNIJa`dkKtFI`0pyNIO3_ O3k\NJUnghJUNIDb
_;JUR,FI`\,JaXUFIDGOwR7¹0`dkK_;_VuNIDS³UJa`O3k\NXaOwR\XatGkK`dDGOwR\`mVYRmenJaXcFIDSO3R¦
gnNIJa`dJaRTFI`.ghOw`d`dDGiKtGJ0pknFIk\NIJPO3NI^hz
2. BACKGROUND
DNI`oFJUNI`dO3RnHKOTOYFIJUNI`.q\VYNIJ+LwV3_;Ja`DGRﬃP.HKDGXWH;VMk\`dJUNDGR\b
FIJcNWV3XUFI`FIHnNIOwk\LwH0FIHKJJUvTJa`O3pKV+ZnDNdFIkKV3t[XWHmVuNWV3XUFIJUNFIHKJ¾KNI`oFghJUNdb
`dO3RKÀ[c[XaO3tStGJaXcFI`PJQVYghOwRK`VYRmeVYFdFIJa_;gnFFIOMe\Ja`oFdNIOQv'OYFIHKJUNqg\tSVQv[JUNI`
FIH\Jx¾]`dH\OTO3FIJUNIÀ[cz=RnNIJQV3tŁO3k\NIRmVY_;JaRTF}33w!Ł.Yw3[0DS`}V3R
O3RKtGDGRKJq7DGR#P.HKDGXWH=kKgFIO;[ﬃg\tVavTJcNI`lXaV3R=XaO3_;ghJUFIJ0`dDG_ﬃk\tGFWVub
R\JaOwk\`dtv#O3R=Vﬃ`dDGRKL3tGJ`dJcNIZ[JUNlOuZ[JUN+FIHKJ]RTFIJUNIRKJcFQzŁHKJUNIJ'VuNIJ0OYZwJUN
w¹DGRmenOTO3N.VYRmeOwknFWe\OTO3N_V3gK`FIHmVuF+XaOw_;JlP.DFIH7Ł.3w3nnP.HKDGtGJ
_VYRTvx_;O3NIJ=k\`dJUNdbªXUNIJQVuFIJQe·_VYgK`jXQVYR	ihJ#V3XQTkKDNIJQepyNIO3_CJai
`dDFIJa`lO3Nl`dDG_;gKtviTvoO3DSR\DGRKLVﬃ`dJUNIZwJUN.NIkKRKR\DGRKLjV}XakK`oFIO3_¢_V3gz
DGL3k\NIJ=¥j`dH\OQP.`}V`dXUNIJaJaR\`dHKOYFFIHKVYF!PV3`'XQVYg\FIk\NIJae~e\knNIDGRKL7V
Ł.33wL[V3_;J3zŁH\J'ZnDGJUP¬DG`MpyNIO3_?FIH\J'gKtSVavTJUNQ® `MJcvTJa`MP.DFIH=FIH\J
O3gKghO3RKJaRTF!DG`0DGR_;DSeKe\tGJO3pFIHKJ}`dXUNIJaJaRzŁHKJﬃtSVuNILwJjDFIJa_¯DSRfFIH\J
pyO3NIJaLYNIOwk\Rme=DG`+FIHKJ!L3kKR#FIHKVYF.DG`+KNIDGRKL;VuF.FIHKJ!O3gKghOwR\JaRTFQz
ŁH\JUNIJ.mZ[Jl_ﬃk\tGFIDbªgKtSVavTJUN_;O,enJa`Ł.33w}k\`dJUNI`XaV3RXaOw_;ghJcFIJ
DGR£!JaVYFIHK_VuFIXcHuŁJQVY_!JaVYFIHK_VuFIXcH3ÂV3gnFIk\NIJFIHKJtSV3L\	!Owknb
i\tGJ
Ow_;DGRmVuFIDSO3R=VYRme=¿O3_ﬃi\DSR\LlkKRzRﬀﬁ,sg\tSVQv[JUNI`
XUOw_;ghJUFIJ7DSR	V{pNIJaJUbpOYNdb]VYtGtM_VuFIXcHFdNdvnDGRKLFIO~^,DGtGtMVY`;_V3RTvxOYp
FIH\JfOwg\ghOw`dDGRKLg\tSVQv[JUNI`V3`ghOw`d`dDGiKtGJw.P.H\DStGJtGDG_;DGFIDGR\L~FIHKJ=R,k\_jb
ihJcN}OYpFIDG_;Ja`FIH\JUvFIHKJa_;`dJatGZ[JU`0VYNIJ;^,DGtGtSJaez¡F!FIHKJﬃJaRme{O3pFIH\J
_VuFIXcHFIHKJ!g\tSVQv[JUN+P.DFIH#FIHKJ!H\DGLwHKJU`oFM`dXUO3NIJ!P.DGRK`azﬂﬃ! 
ﬀﬁﬃDG`MZ[JcNdv7`dDG_;DGtSVYN.FIO!JaVYFIHK_VuFIXcH7JUnXaJagnF+FIHmVYFlDGRK`oFIJaVwe#OYp
VXaO3_;gKtGJUFIJ'pyNIJaJUbpyO3NdbV3tGtFIH\J}g\tSVQv[JUNI`!VuNIJﬃ`dgKtGDF!DGRTFIOF]PO;FIJQVY_;`
VYRmeFIHKJ}FIJaV3_ P.DFIHFIH\JﬃH\DSL3HKJa`oF'XUOw_ﬃi\DGRKJQe`dXaO3NIJjP.DGR\`az#"$&%' 
)(!*+,.-0/132.V3tG`dO}g\DFI`FPO0FIJQVY_;`VYL[VYDSR\`oFJQVYXcH;OYFIHKJUNQ[iKk\FFIH\J
 
º
V3_;Ja`dgTvT,4XUFIO3ihJUN3w3
5768'9:<;>=@?BADC	:<;!;EGF3HI@JKI@L
MNO!P';!:QADHIﬃI@J36E8SRUTGTVI'E;EWJ
X
6JH>YIDC[Z@;!J\]O^9GEGC[H;!:_
FIJQVY_;`MFdNdv#FIOgnNIO3FIJaXUFMFIHKJaDNOuP.RB`mV3L;P.HKDGtGJ}FdNdvnDGRKL;FIOXQV3gnFIk\NIJ
FIHKJ'O3gKghOw`dDGR\LFIJQVY_=® `a`mV3L\zMŁH\J}_VuFIXcH=JURme\`.P.HKJUR{JUDGFIH\JUNMOwRKJ
FIJQVY_ VYXcH\DSJUZ[Ja`}VgnNIJUbe\JUKRKJQeRnk\_ﬃihJUN'OYplXQV3gnFIk\NIJa`}O3N;V#FIDG_;J
tGDG_;DGFJUngKDNIJa`azqRK
b(,c/da
b[Uegf@)ehbf\[FIJQV3_;`mL3H,FFIO'XQV3gnFIk\NIJ
V3RKeﬃXaO3R,FdNIO3t\`dghJUXaDmX+^[JUvghO3DSRTFI`O3phV_V3gP.DGFIHﬃ`dXaO3NIJa`VaP+VuNWe\JQe
pOYNJQVYXcHOYpFIH\Ja`dJ.ghOwDGRTFI`FIHKVYFV!FIJQV3_XQVYg\FIk\NIJU`az0ijbckef!2l7(!f
pJaVYFIk\NIJU`jV#pknFIk\NIDG`oFIDGXpyOTO3FIiKV3tGt+`oF]vntGJ_VYFIXWH~P.DFIHFIJQV3_;`'gmVY`d`ob
DGRKL;VYRme;NIkKR\RKDGRKLFIOﬃJaDFIHKJcN.XUNIOw`d`lVﬃL3O[V3tspOYN½}ghOwDGRTFI`anO3Nl`dHKOTOYF
FIHKJimVYtGtDGRTFIOFIHKJLwO[VYtqpO3N07ghOwDGRTFI`az,DSR\XaJ}FIH\J}_;O3`oF!ghO3gKkKtSVuN
_;O,e\JU`ﬃO3pgKtSVavVYNIJK!JQVuFIHK_VYFIXWHV3RKe·ÂVYg\FIknNIJ7FIHKJ7tSV3LnPJ
kK`dJaem!JQVuFIHK_VYFIXWH·V3Rme	ÂV3gnFIk\NIJ=FIHKJ=tVYLx_V3g\`jpO3N#V3tGtMOwk\N
FIJa`oFI`azonOQPJaZ[JUNQe\Ja`dg\DGFIJjFIH\Jj`dtGDGLwHTFjenDrsJUNIJaRKXUJa`'DSRL[VY_;JUbªgKtSVav
_;O,e\JU`MPJ}ihJatGDGJaZ[JﬃO3k\NMNIJa`dkKtFI`POwkKtSeghJUNdFWV3DGRFIOO3FIHKJcN0_V3g\`a
V3`+PJatGtz
ÁDG^[J_VYR,v~qxLwV3_;Ja`aŁ.33wDSR\XatGkmenJa`jVftSVYNIL3J=V3`d`dOYNdFdb
_;JaRTFMO3ppk\FIknNIDG`oFIDSXPJQVYghOwR\`az'\VY_;gKtGJa`DGR\XatGkme\J'FIHKJ_;DGRKDGLwk\R
P.HKDGXWHDG`!XaV3gmVYiKtGJﬃOYp\NIDSR\LHKDGLwH{Z[OwtGk\_;Ja`OYpi\kKtGtGJUFI`!DGR~VZ[JUNdv
`dHKOYNdFﬃFIDG_;JwFIHKJtSV3^xÂV3RKR\OwRP.H\DSXWHXQV3R`dXQVuFdFIJUN;`dHKVYNWe\`}O3p
_;JUFWVYtDGR{FIH\J}L3JaRKJUNWVYtZnDGXaDGR\DGFvfO3pOwg\ghOwRKJUR,FI`aVYRmefFIHKJ
MOTXW^[JUF
ÁVYkKR\XcH\JUNQP.H\DGXcHXQV3RtGO[V3e	V3RKextVYkKR\XcHkKgxFIOFIHnNIJaJNIOTXc^[JcFI`
VYFVFIDS_;J3zﬃC|H\DStGJ;VYtGtFIH\Ja`dJﬃPJaV3ghOwR\`e\Ja`oFdNIOQv{Owg\ghOwRKJUR,FI`aPJ
HTvnghO3FIHKJU`dDS³UJFIH\JUv~e\DrsJUNDGRFIHKJaDNFIDS_;DGR\L#NIJQTkKDNIJa_;JaRTFI`0iKV3`dJQe
OwRFIHKJg\NIJUXaDG`dDSO3R{NIJa,k\DNIJQefDSRV3DG_;DGRKLnz'ŁVYiKtGJ7¥}`dHKOQP.`0V;FWV3i\tSJ
O3p+PJQV3ghO3RK`}i\NIOw^wJaRDGRTFIO#pO3k\NjXaVYFIJaL3O3NIDGJa`ﬃiKV3`dJQeO3RxV=`dkKi!oJUXUb
FIDGZ[J'Z,DSJcP¬OYpFIH\J'V3_;O3kKRTFlO3pg\NIJUXaDG`dDSO3RfFIHmVYFMDG`lNIJa,k\DNIJQe7FIOkK`dJ
FIHKJU_=zC~J0HTv\ghOYFIHKJa`dDG³aJ0H\DGLwHKJcNgnNIJaXaDG`dDGOwR=PJaV3ghOwR\`MFIJaRKeFIO;ihJ
_;O3NIJenDG²jXakKtFFIO{k\`dJJUrsJaXUFIDGZ[JatvP.HKJaRFIH\JUNIJ#VuNIJtSO3`oF;O3Nﬃe\Jcb
tSVavTJQe#gKV3XW^[JUFI`anP.HKDGtGJ'PJQV3ghO3RK`.FIHmVuFlNIJa,k\DNIJ0tSJU`d`MgnNIJaXaDG`dDGOwRVYNIJ
tGJa`d`MVYrsJaXUFIJae#iTvtVuFIJaRKXcv#OYNMgKV3XW^[JUF.tGOw`d`az
NIJaXUDS`dDGO3R \VY_;gKtGJ
MJQTk\DGNIJae CJQVYghOwR\`
nDGLwH nH\OTXc^plD1`KJwKÁDGRK^
º
kKR\ÁDGLwHTFIRKDGR\L
º
kKR
±#JQe\DGkK_ ¡M`d`IVYkKtFaMDq`mJ3h±#DGRKDGL3kKRK¿DGOlD1`KJ
ÁOQP tSV3^#ÂV3RKR\OwR^lOTXc^wJUFlÁVYkKRKXWHKJcNQ
MJae\JaJa_;JcNQ\OwR#qV3DGRTFIJUN
4MFIHKJUN nH\DSJUte
º
kKR\ŁNWVYRK`dtGOTXQVuFIO3NQs¿VYtGtÁVYkKR\XcH\JUN
r
O^stNu;v=@?xw
ry^z@z@{}|
;!O^TVI'E>M+:<;C~6gF36uI'E
ŁHKJ{¾]H\DGLwHg\NIJaXUDS`dDGO3RKÀPJQVYghOwRK`MNIJQTkKDNIJ0FIDS_;JUtGv7NIJa`dghOwR\`dJﬃDGR
O3NWenJUN!FIO7V3XaXUk\NWVYFIJUtGvenJUFIJUNI_;DGRKJ}V3R{Owg\ghOwRKJUR,FQ® `!tGOTXQVuFIDGOwRpyO3NV
`dDGL3H,FIDGR\LVYRme0_VavihJ_;Ow`oFVYrsJaXUFIJae'iTvtSO3`oFqO3Ne\JatSVavTJQe0gKV3XW^[JUFI`az
ŁH\J	¾_;JQe\DGkK_g\NIJaXUDS`dDGO3RKÀPJQV3ghO3RK`VuNIJ=tGJa`d`V3XaXUk\NWVYFIJ=V3Rme
`dO·e\ORKOYF#NIJQTk\DGNIJ~V3`fVYXaXaknNWVYFIJVYRﬂOwgKghO3RKJaRTFI`a®.tGOTXQVuFIDSO3R5pyO3N
`dDGL3H,FIDGR\LV3RmeDG`ltGJa`d`MVYrsJUXUFIJQe#iTvtGOw`oFMO3NMe\JUtVavTJae7gmVYXc^wJUFI`az
ŁH\J¾]tGOQP g\NIJUXaDG`dDSO3RKÀfPJaV3ghOwR\`NIJa,k\DNIJ7V=g\tSVQv[JUN'FIOf_;JUNIJatv
VYDG_9DGR	FIH\J=LwJURKJUNWVYt!e\DNIJaXcFIDSO3REO3p0FIH\J=FWVYNIL3JUFDSR	O3NWe\JcNFIO~HKDF
VYRme`dOxe\ORKO3F;NIJa,k\DNIJ=g\NIJaXUDS`dJftGOTXQVuFIDGOwR|DGR\pyO3NI_VYFIDGO3REV3RKe·DG`
FIH\JUNIJUpyO3NIJ0FIHKJ!tGJQVY`oF!VursJaXUFIJQe7i,vtGO3`oFOYNenJatSVavTJQe7gKV3XW^[JUFI`az
ŁH\J|¾]OYFIHKJUNIÀPJQV3ghO3RK`VYNIJRKOYFXaOw_;_;O3RKtvkK`dJae.O3N`dJUNIZwJ
`dghJUXaDSV3tsgKknNIghOw`dJa`P.DGFIH\DGR7gKVYNdFIDGXakKtSVuNF]vnghJa`O3pL[VY_;Ja`+V3RKe;`dO'PJ
enOjRKOYFlXaOwR\`dDenJUN.FIHKJa_pk\NdFIH\JUNQz
RVweKenDFIDSO3RFIOfFIH\J7R,kK_;JcNIOwkK`}_V3g\`aPJQV3ghO3RK`;VYRmexL[VY_;JUb
g\tSVQv·_;O,e\JU`a.!Ł.33wV3tG`dOXaO3_;Ja``oFWV3Rme\VYNWe·P.DFIHEFPO_;OYNIJ
pyJQVYFIknNIJa`#P.H\DSXWHEPJpO3kKRKeﬂk\`dJUpk\t!DGR|OwknN=JUnghJUNIDG_;JaRTFI`a£ihO3FI`
VYRme_ﬃk\FWVuFIO3NI`az ijb

VYNIJfXaO3_;gKk\FIJcN;XaOwRTFdNIO3tStGJQe·gKtSVavTJUNI`jFIHmVuF
NIk\ROwRFIHKJl`dJUNIZ[JUNQ,JQVYXcHP.DFIH;FIHKJaDN+OQP.RghJUNI`dOwRKV3tGDF]vV3RKe;`oF]vntGJ
OYpﬃg\tSVQvTz(!ﬀﬀb[*

VYNIJ{Xak\`oFIOw_9_;O,e\DmXQVuFIDGOwRK`FIOxFIHKJL[VY_;J
JURnZ,DNIOwR\_;JaRTF0FIHmVuFjVYtStGOQP k\RKDSTkKJ;`dXaJURmVYNIDGO3`}FIOfihJVwe\e\JQe~FIO=V
_VYgz·,Ow_;JXaOw_;_;O3Rx_ﬃk\FWVuFIO3NI`ﬃVYNIJfTkmV3enb1ok\_;gVYtGtSOQP.DGRKLV
g\tSVQv[JUN'FIOUok\_;g§#FIDG_;Ja`0DGR_;DSe,b]VYDNQqV3RKeDGRTFI`oFWVYbªLwDGiqtGDS_;DFIDGRKL
PJQV3ghO3R}XWHKO3DGXaJFIO.FIHKJnH\OTXc^jMDq`mJOwR\tvV3Rme0_VY^nDGR\L+DGF`dOMJaZwJUNdv
`dH\O3F.P.DGtGtDGRK`oFWVYR,FItv7^,DStGtsvTOwknN.Owg\ghOwRKJUR,FQz
3. APPROACH
R7OYNWe\JUN+FIOJa_;g\DGNIDGXQVYtGtGv_;JQVY`dk\NIJlFIHKJJcrsJaXUFI`+O3ptVuFIJaRKXcvV3Rme
tGO3`d`#OwR	R\NIJaV3tMŁOwknNIRmV3_;JUR,F7Yw3E!Ł.33wwcMPJfJa_;gKtGOQvTJQe
FIH\J!pO3tStGOQP.DGRKL_;JUFIH\O,e\OwtGO3L3vs£

ÂVYFIJULwO3NIDG³aJkK`dJUNDSRTFIJUNWVYXUFIDGOwR\`DGRFvngKDGXQV3tKqjLwV3_;Ja`V3Rme
e\JU`dDSL3R_V3gK`qFIHKVYFJUnJUNIXaDG`dJ.JQV3XWH;F]vnghJ+O3pDGRTFIJUNWV3XUFIDGO3Rf`dJaJ
nJUXUFIDGOwRf,zS¥Qcz

ÂOwR\`oFdNIkKXUF+V3RJaR,ZnDNIO3RK_;JaRTFpO3N_;JQV3`dknNIDSR\LFIH\JMJcrsJaXUFI`OYp
tSVYFIJaR\XUv7OwR#Ł.33wf`dJaJnJUXUFIDGOwRf,z 3cz

ÂOwRKe\k\XUF!g\DStGOYF0`oFIkmenDSJU`MFIO7e\JUFIJUNI_;DGR\J'NIJaV3tGDG`oFIDSX}NWV3RKL3Ja`!OYp
gmVYXc^wJUF+tGOw`d`NWVuFIJa`.V3RKetSVYFIJURKXUvVYRme;FIOﬃXWHmVYNWVYXUFIJUNIDG³aJFvngKDb
XQVYt!Ł.Yw3jRKJUFPO3NI^;FIknNIiKkKtGJaR\XaJj`dJaJ,JaXUFIDGOwR=nz [cz

ÂOwRKe\k\XUF.R,kK_;JUNIO3kK`k\`dJUN.`oFIkmenDSJU`+OwR#O3k\Nl_V3g\`DGRmenkKXaDGRKL
FIHKJV3g\g\NIOwgnNIDSVYFIJNWVYRKL3JO3pKtGOw`d`V3RKetSVuFIJaRKXUv'k\`dDGRKLlOwk\NFIJa`oF
JaR,Z,DNIOwRK_;JUR,F!`dJaJnJaXcFIDSO3Rfnz §[cz

¡MRKV3tvn³aJ!FIHKJMNIJa`dkKtFI`'`dJaJnJUXUFIDGOwR=§[cz
3.1 Categories of FPS Interaction
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4.1.3 Restricted Deathmatch
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4.1.4 Full Deathmatch
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4.2 Summary
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4.3 Network Level Analysis
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4.3.1 Traffic
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4.4 User Level Analysis
CEHKDGtGJPJe\DSe~RKOYFﬃgnNIOuZnDSenJV#P+VavFIOTkKV3RTFIDpyvgKtSVavTJUNghJUNdb
XUJag\FIDGOwR\`aPJjenDefR\O3FIJﬃLwV3_;J}gKtSVavTJUN!XUOw_;_;JaRTFI`!VYRmefOwi\`dJUNIZ[JQe
FdNIJURme\`lenk\NIDGRKLﬃV3Rme7VYpFIJUNO3k\N.k\`dJUNl`oFIkme\DGJa`az
tSVavTJUNI`PJUNIJV3iKtGJqFIO.RKOYFIDSXUJ`dtGk\LwLwDG`dH\RKJa`d`DGR0LwV3_;JUbªgKtSVavlP.HKJaR
tSVuFIJaRKXaDGJa`MV3`.tGOQP­VY`M½w¹}_;`PJUNIJ'DGRme\k\XaJQeOwR#FIH\JaDN.XaOwR\RKJaXcFIDSO3R
VYRme}pyOwk\Rme}LwV3_;JUbªg\tVavtGJa`d`JaR]OuvTV3iKtGJ.VuFtSVuFIJaRKXaDGJa`OuZ[JUN+¥aw!_;`az
ŁH\DG`'NIJUtVuFIDGOwRK`dH\DGg~HKJUte{JaZ[JaRfpyO3N'pk\tStLwV3_;Ja`aV3RKe{g\tVavTJcNI`!pJatF
FIH\JUvfPJcNIJ;gKtSVav\DGR\L#ghOTO3NItv{JaZ[JUR~DpFIH\JaDN'`dXaO3NIJa`0PJUNIJ;RKOYF'`oFWVYb
FIDG`oFIDGXQVYtStv7PO3NI`dJ3z
4XUXQV3`dDGOwRKV3tGtvg\tVavTJcNI`'PJUNIJV3tG`dOfVYiKtGJjFIO=R\O3FIDGXaJ;gmVYXc^wJUF'tGOw`d`
P.H\JaR=DGRmenkKXaJaetGOw`d`.NWVYFIJU`.PJUNIJ'VYFltGJQVY`oFnP.DGFIH7FIHKJ!gnNIDS_VuNdv
VuNdFIDpV3XcFﬃR\O3FIDGXaJQe~ihJUDSR\L#FIHmVuF0FIHKJ;LwV3_;JﬃPOwkKtSe~`dO3_;JUFIDG_;Ja`0RKOYF
enDG`dgKtSVav~VYRKDG_VYFIDGO3RK`0pOYN'`dHKO3FI`0\NIJQez;±#Ow`oFO3pFIH\J}FIDG_;JwHKOQP+b
JUZ[JUNQ3gKtSVavTJUNI`PJUNIJXaO3_;gKtGJUFIJatv'kKRKVaP+VYNIJO3pmV3RTv'DGRme\k\XaJQe0gmVYXc^wJUF
tGO3`d`az
tSVavTJUNI`qPJUNIJ+k\RmVYiKtGJFIOR\O3FIDGXaJ.V3RTvtSVYFIJaR\XUvO3NgmVYXc^wJUFtGOw`d`DSR
FIH\J}`dDG_;g\tSJ_;OuZ[Ja_;JaRTF+FIJa`oFI`ﬃNIkKRKR\DGRKL;DGR{V`oFdNWVYDGLwHTF0tGDGRKJulV3Rme
PJUNIJ0OwR\tv_VYNILwDGRKV3tGtv#VaPVYNIJ0O3pqV}`dtGDGLwHTFle\JatSVavDGRFIH\J!XaOw_;g\tGJU
_;OuZ[JU_;JaRTFFIJa`oFI`az
ŁH\J._;Ow`oF`dkKi!oJaXUFIDGZ[J.DG_;gmVYXUFP+V3`e\knNIDSR\L!FIHKJ.g\NIJUXaDG`dJM`dH\OTO3Fdb
DGR\LFIJU`oFI`aztSVQv[JUNI`}PJUNIJ#JU,FdNIJa_;JUtGv~V3L3L3NWVQZ3VYFIJQeP.HKJURFdNdvnDGRKL
FIOV3DG_)V3RKe·`dHKOTOYFP.HKJaR·tVuFIJaRKXcv	VY_;Owk\R,FI`ﬃHKDGLwH\JUNFIHmV3R¥Q3
_;`.PJcNIJDGRKe\kKXUJQe#OwR=FIH\JaDNXUOwRKR\JaXUFIDGOwR\`azM¡MtG`dO\senk\NIDGRKL}FIHKJ0NIJUb
`oFdNIDGXUFIJae7VYRme;kKRnNIJa`oFdNIDGXUFIJQejpk\tSthLwV3_;JlFIJa`oFI`a,gKtSVavTJUNI`pyOwk\Rme;HKDGLwH
tGJaZwJatG`7OYp0tSVYFIJaR\XUv·FIO~ihJV3RKR\OQv\DGR\L~ihJaXQVYkK`dJ=FIH\JfL[V3_;J7POwk\tSe
R\O3FNIJQV3XUFV3`+Tk\DSXW^,tv;V3`FIHKJlgKtSVavTJUNI`P+VYR,FIJaeDFFIO\,gmVuNdFIDGXakKtSVYNItv
pyO3NFIHKJjpykKtGtLwV3_;JjFIJa`oFI`az#¡MLwV3DGRgKtSVavTJUNI`0pJatFﬃV3`'Dp+FIHKJUvPJUNIJ
ghJcNdpO3NI_;DGR\LPO3NI`dJwnJaZ[JURDpFIHKO3kKLwH;FIH\JaDN+`dXaO3NIJU`+e\DSeRKO3FNIJk`mJUXUF
DFQz
º
JURKJUNWVYtStvT\PJ!NIJaXaO3_;_;JaRme;FIHmVuFlgKtSVavTJUNI`lVQZ[OwDSe7`dJcNIZ[JUNI`.P.DGFIH
g\DGRKL!FIDG_;Ja`OuZ[JUNl¥u¹30_;`V3RKejgmVYXc^[JcFtGO3`d`tGJaZ[JatG`OuZ[JUN	zZ[JaR
FIH\Owk\LwH}FIH\JUv0_Vav'RKOYFq`dDGLwR\DGKXQV3RTFItv}DS_;gKV3XUFgKtSVavTJUNq`dXaOYNIJa`a[FIH\JUv
enO=_V3^wJjL[VY_;JUbªgKtSVavtSJU`d`}JaR[oOQv,VYiKtGJwP.H\DSXWHVuFtSJaV3`oF}gmVYNdFIDSVYtStv
enJUpJaVYFI`.FIHKJ!g\k\NIghOw`dJ0OYpqgKtSVavnDGRKLjLwV3_;Ja`.DGR7FIH\J!KNI`oF.gKtSVYXaJwz
5. CONCLUSIONS
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